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On the possiblities of determining the basin 
characteristics by means of satellite images 


Abstract 

ERTS— 1 data was analyzed to find out, whether it is possible to determine 
the basin characteristics of river basins in Finland solely by means of 
satellite images. The ERTS-1 images used in this study were taken 30.8.1972 

and 31.8.1972, and the test site is situated in Western Finland near Vaasa. 

/ 

Percentage of cultivated land, volume of growing stock, percentage of peat 
land and coarse soils were interpreted and the results were compared with 
topographic and soil maps. Cultivated lands and peatlands are the most easy 
ones to interpret while the interpretation of the volume of groving stock 
and coarse soils is more difficult. It is obvious that the basin character- 
istics mentioned above can be interpreted v/ith sufficient accuracy by means 
of ERTS -images . 

Background 

When making runoff forecasts and models the basin characteris tics are one 
thing the knowledge of which improves the results and the usability of the 
forecasts and models. In Finland, effects of meteorologic and basin character- 
istics of runoff and disharge have been investigated by means of small basins 
(area 0,12 - 122,00 km ). According to these studies, land slope, percentage 
of cultivated land, volume of groving stock, percentage of peat land and 
coarse soils are the most important basin characteristics in Finland. 

The aim of this study is to investigate whether it is possible to determine 

the basin characteristics solely by means of satellite images, because the 

\ 

determination of the basin characteristics of large basins by means of maps 
and aerial photos is laborious and slow. The test site is situated in Southern 
Bothnia near Vaasa and it consist of Narvinjoki and Teuvanjoki basins. The 
total area of Narvinjoki basin is 996 km and Teuvanjoki basin 530 km". The 
lake percentages are correspondingly 0,07 and 0,12 (see Appendix 1). 

Methods of analysis 

The interpretation of satellite images was based on a ground inventory, made 



2 


in summer 19 73, and on interpretation experiments outside the test site. 

These experiments were made by means of topographic maps (scale 1:20000), 
the general map of Finland (scale 1:400000), a soil map (scale 1:400000) and 
a ground inventory. In Figure 1, there is a sematic figure of a typical 
Finnish terrain of those areas been under water after the latest glacial 
period. This kind of order of terrain types and soils, either complete or 
partly complete, exists at the whole test site and the interpretation of basin 
characteristics was mainly based on the interpretation of different kinds of 
terrain types. 

In this study, following ERTS-1 images were used: 
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The images were taken 30.8.1972 and 31.8.1972 and their quality was exellent. 


By investigating one bog and terrain types around it, it was possible to make 
suitable color composites for the interpretation. The investigation was done 
as follows: 


Positive MSS B&YJ transparency images (bands 4,5 and 7) were printed on Agfa 
Geavert's lithographic film, Gevalit Ortho 0 38 P, so that the scale become 
about 1:20000. 

On the basis of the topographic map, test lines were selected, the densities 
of which were measured by means of Quanta Log diffuse densitometer in the B&W ' i 
transparent photos. The terrain types of these test lines were interpreted 
using the topographic map and the ground inventory. In the Appendix 2, there 
is a map including these test lines and in Appendix 3j the results of the 
density measurements are presented. 


On the basis of these density measurements, color composites were made so 
that spruce forest got dark green color. Thus, the color differences of other 
terrain types were very good. The scale of color composites was about 
1:400000 and they were made on Kodak Ektacolor Print Film and Kodak Ektacolor 
37 RC paper . These images and color composites 1:1000000 from NASA were 
used in the final interpretation. In Appendix 4, there is an example of a 
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color composite made on Kodak Ektacolor 37 RC paper. 

The images were interpreted by means of Interpretoskop II made by VEB Carl 
Zeiss JENA. The magnifications used were 2-5 or the interpretation was made 
in scales 1:1000000 — 1:80000. 

3 Results 

The error in area measurements of terrain types was about 10 % consisting 
manly of the error in determining the borders exact. It was possible to 
determine the total area of the test site with the accuracy of 5 percent. 

In the test site following things were interpreted: 

- cultivated lands 

- swamps, which were divided into open bogs and spruce-hardwood swamps 

F 

- forest land, which was divided into pine and spruce forests, spruce-hard- 

\ ' 

wood forests and spruce-hardwood swamps. (According to the standards of 

the Finish forest inventory forest land has the potential quality for 

— _ 3 

producing a mean annual increment of at least 1 in /ha of steam wood in- 
cluding barck, during a rotation of 100 years and under favorable stand 
conditions). 

- soils, which were divided into peatlands, coarse soils and other soils 
(fine soils). Boulders, gravel soils, gravel moraine soils, sand soils 
and sand moraine soils were included in coarce soils. Finesand soils, 
fines and moraine soils, silt soils, silt moraine soils, clay soils and 
clay moraine soils were included in fine soils. 

Because of the small scale of the images it was necessary to generalize 
the description of the interpretation results. If the scale of the prints 
of the satellite images had been for example 1:100000, the results might 
have been more accurate as can be seen in the map in Appendix 5. 

Cultivated lands are presented in Figure 2. Cultivated lands are easy to 
interprete provided they are not too small and they are not in the middle 
of a forest or a swamp, in which case they are easily mixed with open bogs 
(see Appendix 5, Number 1). Percentage of cultivated . land is 28 measured 
in images. The same percentage is 26 measured in maps. 
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Open bogs are easy to interprete. It is, however, impossible to dis£in.p.uish 

a ditched swamp from spruce -hardwood swamps, because the vegetation of 

swamps is changed by draining, so that they get vegetation like spruce-hard- 

wood swamps (see Appendix 5, Number 2). Open bogs cover 30 Z (129 km ) 

of the total swamp area and spruce-hardwood swamps and ditched swamps 
2 

70 % (299 km ) of the total swamp area. Percentage of swamp is 28 in the 
test site measured in the images. According to the 4th national inventory 
of Finnish forests in 1961 the swamp percentage is 39 %. When ditched 
swamps are excluded the percentage is 30 %. Most of these ditched swamps 
have changed so much in eleven years, that they can be included in 
spruce-hardwood forests in 1972. 

As a rule, spruce-hardwood swamps and ditched swamps are easy to distinquish 
from open bogs and other forest types, excluding bushes and in some cases 
hardwood forests. These forests were, however, very small in number in 
the test site. Swamp types are presented in Figure 3. 

On the basis of the volume of growing stock, forests were divided into 
three classes: 

- coniferous forests consisting of pine forests and spruce forests on 

mineral soils. These types V7ere quite easy to interprete because of 

their dark color in the image. The mean volume of growing stock is in 

3 

these forest types about 180 m /ha (see Appendix 5, Number 3). These 

2 

forests cover 10 % (99 km ) of the total forest area and the total vo- 

. 3 

lume of growing stock was 17820000 m . 

- spruce-hardwood forests consisting mainly of spruce and birch. The soil 

t3'pe of these areas is in part mineral in part organic soil (small ditched 

or spruce-hardwood swamps) . The mean volume of growing stock of these 

3 

forests is about 130 m /ha (see Appendix 5, Number 4). Most of the 

forests of the test site belonged into this group. These forests cover 
2 

59 % (582 km ) of the total forest area, and about 10 % of this area is 

cleared by cutting (volume of growing stock 0 m^/ha). The total volume 

. 3 

of growing stock was 68094000 m . 

- spruce-hardwood swamps, which were relatively easy to interprete (see 

Appendix 5, Number 5). The mean volume of growing stock of these swamps 

3 2 

is about 80 m /ha. These areas cover 31 % (299 km ) of the total forest 

area and about 10 % of this area is cleared by cutting (volume of 

3 3 

growing stock 0 m /ha). The total volume of growing stock was 21520000 m . 


The total forest area is 980 km' am! the mean volume of growing stock 
3 

is 109 m /ha by means of this interpretation. According to the 5th. 

national inventory of Finlanda foreiie resources in year 1968 the mean 

volume of growing stock was in this area 91 m 3 /ha. The change in growing 

is according to the earlier inventories about +17 % in 14 years in this 

3 

area (1) . Thus the volume of growing stock is nowadays about 96 m /ha in 
the test site.. 

In Figure 5 the three forest classes are presented and in Appendix 5 
an example of the interpretation of these three classes and open areas 
are presented. Open areas consist manly of cultivated lands, areas cleared 
by cutting, open bogs and roads. 

The interpretation of soil types was mainly based on the interpretation 

of vegetation and terrain types, and the interpreted soil types were 

coarse soils, peatlands and other soils (fine soils). In Figure 4, these 

three groups of soils in the test site are presented, and in Appendix 6, 

there is a soil map of the test site. Peatlands were the most easy ones 

to interpret. Coarse and fine soils could also be distinguished as well, 

but sometimes, the limit between them was impossible to determine. 

2 2 

Peatlands cover 33 % (503 km ), coarse soils 42 % (641 km ) and fine soils 
2 

25 % (382 km ) of the total area. The total area of peatlands is changig 
all the time because of the drainage. According to the general geological 
map of Finland (1954) the area of peatland cover about 35 % of the total 
area. Open bogs cover 25-35 % and spruce-hardwood swamps 65-75 % of the 
total swamp area. It is not possible to compare the results of the inter- 
pretation of coarse and fine soils with the general geological map. The 
soil map in Appendix 6 is quite much generalized and thus, it is possible 
by means of satellite images to determine the limits between peatlands 
and mineral soils better. It may also be noted that in the general map 
(Appendix 1) the swamps are sometimes different from the peatlands in 
the soil map. It is obvious that the. utilization use of satellite images 
in making general maps and soil maps would improve the right generalization 
of these maps. 
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4 Conclusions 

f 

The interpretation of the basin characteristics based only on ERTS-1 
images gives adequately good results in Finland. It is possible to 
detrmine cultivated lands, forests and swamps exactly enough. By using 
only three categories, it obviously is possible to approximate the 
volumes of growing stocks. Peatlands and mineral lands are distinguishable 
very well, while it is sometimes rather difficult to distinguish coarse 
soils from, fine soils, but it is obvious that satisfactory results can 
be achieved. Lakes and rivers are easy to interpret. 

If it is possible to use suitable maps with satellite images, the results 
will obviously be better in some cases than solely by means of satellite 
images. On the other side, suitable maps may sometimes reduce the need 
of satellite images. Because the determination of the areas of terrain 
and soil types is an essential part of the determination the basin 
characteristics, the satellite images must be preciscn processed. It is 
obvious that by improving interpretation technics by using digital 
interpretation of satellite images, it is possible to determine the 
basin characteristics of the river basins of Finland in the most suitable 
way. In 1974 Technical Research Center of Finland has started a study, 
one aim of which is to find out the possibilities of automated pattern . 
recognition in determining basin characteristics. The data used in this 
investigation is ERTS vido data and Bendix scanner data. After 
this investigation it is possible to say, how we will use ERIS imagery 
in watershed studies. 
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